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Chapter I 
INTRODUCTION 
The history of tissue culture techniques is not very old. The concept 
of cell culture aiid totipotency was first conceived by Haberlandt (1902), 
who suggested that an isolated somatic cell could behave like a zygote 
when given the proper nutritional conditions. 
The tissue culture teclmiques have emerged as viable research 
procedures of fundamental, academic and commercial importance 
(Murashige 1980). The key aspects of tissue culture technique is the 
regeneration of plants from cultured cells and tissues. The techniques 
have attracted the attention of plant scientists from all disciplines as they 
fonn the useful tool for solving many of their problems. 
The teclmiques of shoot tip and meristem cultures initially developed 
by Ball (1946) have been successfully utilized for the production of 
transplantable whole plants from shoot tips of Lupmus and Tropaeolum. 
Later on meristem or shoot tip culture gained much significance in the 
production of virus free plants (Morel and Martin 1952, Heller 1953, 
Morel and MuUer 1964, Walkey 1968, Mellor and Stace-Smith 1969 and 
Hutli and Bode 1970). 
After 1970, plant tissue culture technology has made significant 
contributions to agriculture and industry (Murasliige 1974,77,78 & Zenk, 
1978). 
Further, it is important that the undifferentiated cells or tissues should 
have the potentialities for diff'erentiation and different explants have 
difi'erent potenfials for differentiation into shoot/root or complete plant. 
The plants of family Cucurbitaceae are important medicinally and 
as food. A number of workers, Singh ct al (1990, 96), Chee (1991), 
Kathal et al (1988, 92), Josekutty et al. (1993), Compton et al (1994), 
Lou and Kako (1995), Misra and Bhatnagar (1995), Wang ct al (1997), 
Plader el al (1998), Mytliili and Thomas (1999) and others have made 
in vitro studies on the members of family Cucurbitaceae. 
Although a good deal of work has been done on different plants of 
the fcunily Cucurbitaceae but survey of relevent literature reveals that no 
attempt has been made on tissue culture ofLagenaria leucantha. 
1.1 Plant description 
Lagenaria leucantha (Duch) Standi, belongs to the family 
Cucurbitaceae, is a popular vegetable crop plant grown almost throughout 
the year. It requires wann humid climate. Generally two crops are raised 
in hidia. The winter crop is sown from the middle of Oct. to the middle of 
March and tlie smnmer crop from the begimiing of March to the middle 
of July. Fruits of Lagenaria leucantha are long or oval to oblong in 
shape. Wild forms are bitter in taste due to a non glucosidal bitter 
constituent. The nutritive value of Lagenaria leucantha is given in the 
table-1 in per 100 gms. of edible portion. 
The fruits in the green stage are used as vegetables and also in 
preparation of some sweets. The pulp, young stem and leaves have 
medicinal value. Tlie friiit pulp around the seed is considered emetic as 
well as purgative. Pulp is diuretic, cooling, antibilious and applied 
externally m delirium. The fruit juice mixed with lime juice is applied 
locally for the treatment of punples. Seeds are anthelmintic in nature, 
whereas seed oil is applied externally for relaxation in headache. The 
hard shell of fruits are used as domestic utensils, water jugs, float for 
fishing nets and other purposes. 
For the successful use of tissue culture technology in cucurbits, 
efficient and reproducible regeneration procedures must be available. 
Reports on cucurbits indicate low rate of regeneration and plant survival, 
abnonnal morphogenetic responses and premature flowering (Gambley 
and Dodd, 1990, 1991). It is possible to raise new better cultivars easily 
within shorter time span and tissue culture tecliniques can be of tremendous 
promise in improving quality and yield. 
Considering tlie economic and medicinal use of Lagenaria leucantha. 
the present work has been conducted with the following objectives: 
1. To investigate the hormonal response and the culture conditions for 
organogenesis in nodal segment, leaf and shoot tip explants. 
2. To investigate the homional response for callus induction from the 
above tliree explants. 
3. To develop an efiicient protocol for raising complete plants in vitro 
and their acclimatization. 
Table-1 : The nutritive value oiLagenaria leucantha per 100 gms of edible portion 
Moisture 
Fat 
Fibre 
Magnesium 
Potassium 
Iron 
Sulphur 
Thiamine 
Nicotinic acid 
96.1 gm 
] .0 gm 
0.6 gm 
5.0 gm 
87.0 mg 
0.7 gm 
lO.Ogm 
0.03 mg 
0.20 mg 
Protein 
Minerals 
Other carbohydrates 
Calcium 
Phosphorus 
Sodium 
Riboflavin 
Copper 
Vitamin C 
0.2 gm 
0.5 gm 
2.5 gm 
20.2 gm 
10.0 gm 
1.8 mg 
0.01 mg 
0.3 mg. 
6.0 mg 
IIEVIKW OF 
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Chapter 2 
REVIEW OF LITERATURE 
The German botanist Gottlieb Haberlandt (1902) was the first 
who visualised the idea of growing plant cells in artificial nutrient 
media with the hope of rejuvenating a quiescent cell and triggering 
it into divisons and growth to from a tissue and eventually 
regenerate a whole plant. He attempted to grow the palisade tissue 
of Lamium purpumum in artificial nutrient medium in vitro. His 
students Robbins (1922) and Kotte (1922) further strengthen the 
idea of totipotency. White (1934) succeeded in growing tomato 
roots in artificial nutrient medium. 
Isolation and culture of carrot tissues in simple nutrient 
medium supplemented with vitamins and auxins was attempted by 
Nobecourt (1939). After 1939 the in vitro technology received 
wide attention. 
The available literature on different explants from cucurbits 
is reviewed as under : 
2.1 Cotyledon culture 
Jelaska (1972) reported embryoid formation from callus 
derived from the fragments of cotyledons of Cucurhita pepo when 
cultured on MS medium augmented with IBA and 2, 4-D + 10 % 
watermelon sap. She demonstrated that embryoid formation in 
pumpkin was mainly determined by physiological conditions of 
the tissue, the age of the culture and the composition of the 
medium rather than by a specific, exogenous growth regulating 
substance. Later, Jelaska (1974) reported organogenesis and 
embryogenesis in pumpkin explant. 
Haider and Gadgil (1978) reported differentiation of shoot 
bud like structures m C\ nielo but these buds failed to develop 
into normal shoots. Subsequently in 1982 they observed a very 
low frequency of shoot differentiation from cotyledonary callus of 
Cm eh. 
Tang et a/. (1980) studied the effect of plant hormones on 
callus formation and regeneration of plants in C.niclo. Callus 
formation was induced from cotyledons on Miller's medium 
supplemented with Kn (5-10 mg/1) or NAA (2.0 mg/1) + Kn (0.5 
mg/1). Callus formed on Kn was loose and soft while the callus 
formed on NAA + Kn was light and firm. The latter formed globe 
like tissue from which new buds initiated. Roots were initiated 
from the buds in lov/er concentration of Kn. Thus, they concluded 
that regulation of callus formation and differentiation of calli by 
exogenous hormones was closely related to some endogenous 
factors and external conditions. 
Moreno ct al. (1985) examined the callus cultures from 
cotyledons of Cucumis nielo for their growth and morphogenetic 
capacity on a series of media with different concentrations of lAA 
and Kn. They concluded that morphogenesis via organogenesis 
and embryogenesis depend on culture conditions and explant 
source. Shoot buds were obtained at hich rates in cotyldon 
explants and well developed shoots through cotyledon derived 
calli on lAA (1.5 mg/1) and Kn (6.0 mg/1). They were able to 
maintain the organogenic callus lines for atleast 12 months. 
However, Trulson and Shahin (1986) obtained somatic 
embryogenesis from cotyledonary explants of Cucumis on MS 
medium supplemented with NAA (1,0 mg/1), 2,4-D (1.0 mg/1) and 
BAP (0.5 mg/1). 
Mackay et al. (1988) cultured cotyledons of three varieties of 
Cucumis meio on MS callus induction medium supplemented with 
Kn (6.0 mg/1) + lAA (1.5 mg/1) under a 16 hrs. light regime. They 
obtained green nodular callus in 2 weeks and shoots in 3-4 weeks. 
Excised shoots were rooted well on MS basal medium augmented 
with lAA (0.001 mg/1). Similarly Shnvastava et al. (1988) 
cultured the cotyledons of watermelon on MS medium with 
various concentrations of auxins and cytokinins. Organogenic calli 
were produced on NAA and BA augmented media, which were 
subsequently differentiated into shoots or roots. They obtained 
rooting in microshoots on medium with NAA at 0.5 |im. 
Niedz et al. (1989) made a detailed study on the factors 
influencing shoot regeneration from cotyledonary explants of 
Cucumis mclo.. They observed that cotyledonary explants from 4 
days old in vitro raised seedlings showed maximum initiation of 
shoot buds on MS medium augmented with lAA (5 |im) and BA 
(5 |im) at 25-29°C under low light intensity (5-30 m mol m''s"'). 
Subculture of the shoot buds on to the same medium without 
auxin but supplemented with BA (3 jim) supported the 
development of shoots from 30% of the buds. They have also 
studied that the presence of ABA in the medium significantly 
increased the number of explants producing shoot buds, while 
addition of GAs, thidiazuron or AgNO.i to regeneration medium 
did not improve either bud initiation or shoot regeneration. The 
study also concluded that the bud initation was genotype, seedling 
age, light intensity and temperature dependant. 
Gambley and Dodd (1990) described m vitro techniques for 
the production of de novo of cucumber {Cucumis satjvus ) shoots 
in presence of cytokinins using cotyledon explants. The shoots, 
which arose from adventitious buds not from axillary branching 
were confined to a specific region at the base of the cotyledon. 
Concentrations (4.0 mg/1 or less) of the cytokniins (BAP, Kn and 
N^ (2-isopentyl adenine) were all effective in producing 
adventitious buds. It was possible to achieve an yield of 23 
shoots per cotyledon by removal of axillary bud. The yield was 
increased to 50 shoots per cotyledon by cutting the basal region 
of the cotyledon into small pieces prior to culturing, these 
techniques might be useful for transformation studies in cucumber. 
Similary Singh et al. (1990) cultured the cotyledon halves (apical 
or basal) of Cucumis melo cv. Pusa madhuras on basal medium 
supplemented with BA (1,3,5 or 10 ^m) and various concentration 
of 2 iP and IBA. They found highest frequency of shoot 
regeneration from basal cotyledonary explant (100%) as compared 
to apical cotyledonary explant (50%) on medium supplemented 
with BA at 1.0 |im. They also observed that in basal cotyledon 
explant, direct shoot differentiation occurred from the petiolar end 
when it was kept out of the medium and indirect differentiation 
occurred from the embedded part after 20 days of culture. 
However, Ali et a!. (1991) observed significant difference in the 
percentage of shoots regenerated from the distal end of the 
cotyledon compared to those adjacent to the embryonic area. They 
obtained shoot regeneration from cotyledons of Cucumis sativus 
on MS medium augmented with BA (4.0 mg/1) and NAA (0.2 mg/ 
1) and also observed that the cotyledons cut into 2 segments gave 
the best response for multiple shoot regeneration compared to 
smaller segments (4,6 or 24). The shoots were rooted well on 
medium containing NAA (1.5 mg/1). 
Chee (1991) obtained plant regeneration from cotyledons of 
Cucumis melo cv. Topmark' on MS medium with BA at 1.0 mg/ 
1 as an induction medium and then to MS + BA (0.05 mg/1) 
differentiation medium. The shoots were rooted on MS medium 
contaming NAA (0.01 mg/1). Morphologically normal plantlets 
were obtained. 
Compton ct al. (1994) cultured the cotyledons of diploid 
watermelon, on shoot regeneration medium. Plantlets were 
obtained by transferring 1-2 cm shoots to medium containing IBA 
(1.0 ^m). 
Lou and Kako (1995) examined the effects of sucrose 
concentrations in the media with a constant carbohydrate molarity 
and of somatic potential provided by glucose or mannitol on 
somatic emboryogenesis from cotyledon explant of Cucumis 
10 
sativus. They observed that at constant carbohydrate molarity 
(0.25 M), the percentage of embryo formation and the yield of 
embryos were enhanced by increasing sucrose concentrations. 
Sucrose (0.25 or 0.5 M) and glucose (0.5 M) both gave high 
frequencies of somatic embryogenesis, no embryos were formed 
when mannitol was the sole carbon source. 
Singh et al. (1996) cultured the cotyledon halves (proximal) 
of melon cv. Pusa madhuras on MS basal medium supplemented 
with cytokinins either alone or in combination. They concluded 
that BA proved the most effective cytokinin for direct induction 
of shoot buds from the petiolar end of the explants. The shoot 
buds were excised and transferred on the same medium for further 
multiplication and elongation. Best rooting of shoots was observed 
on basal medium supplemented with IBA (1.0 mg/1). 
Hao c( al. (1998) made a study on building up the 
regeneration system of watermelon and reported an effective 
system for vegetative propagation by using cotyledons as explant. 
A high frequency of bud induction (46.6-94%) was obtained from 
6 days old cotyledons cultured on MS medium supplemented with 
BA (5.0 mg/1) + lAA (0.5 mg/1), which were transferred on MS 
medium supplemented with Kn (0.2 mg/1) for further elongation. 
They achieved a root induction rate of over 80% on MS medium 
supplemented with NAA (0.1 mg/1). 
Suh and Suh (1998) examined the effect of plant growth 
regulators on somatic embryogenesis in oriental melon {Cucumis 
melo L. var Makuwa makino). They found the regeneration of 
11 
shoots from cotyledons cultured on NAA free media or on media 
containing low concentrations of NAA combined with high 
cytokinin and ABA. NAA and BAP were more effective for 
inducing multiple shoots than other plant growth regulators. Callus 
and shoot induction were poor m the presence of low 
concentration of NAA, cytokinin and ABA. They concluded that 
NAA (2.0 mg/1) + Kn (2.0 mg/1) + ABA (0.5 mg/1) and NAA (0.2 
mg/1) + BAP (0.2 mig/1) + ABA (0.5 mg/1) were the most effective 
combinations to induce somatic embryos. 
2.2 Hypocotyl culture 
Jelaska (1972) reported embryoid formation from callus 
derived from hypocotyls of Cuciirhita pcpo when cultured on MS 
medium supplemented with IBA and 2,4-D + 10% water melon 
sap. She demonstrated that embryo formation in pumpkin was 
mainly determined by physiological conditions of the tissue, the 
age of the culture and the composition of the medium rather than 
by a specific exogenous growth regulating substance. While, 
Blackmon and Reynolds (1982) obtained somatic embryos from 
callus of hypocotyl explants of muskmelon after two or three 
months on a modified Nitsch and Nitsch medium. 
Rajasekaran et al. (1983)'made detailed studies on cucumber 
{Cucuniis sativus) for somatic embryogenesis. They reported that 
enbryogenic callus was produced from the hypocotyl explant on 
MS medium with BAP (0.5 or 1.0 |im) and 2,4-D (1.5 or 5.0 
pm). Somatic embryos and adventitious buds were formed when 
12 
callus was transferred to medium without growth regulators. 
Moreno et al. (1985) studied the morphogenic capacity of 
hypocotyl callus cultures of Cucwjiis mclo on a series of media 
with different concentrations of lAA and Kn. and concluded that 
morphogenesis via organogenesis and embryogenesis was 
dependant on culture conditions and explant source. 
Shrivastava ct al. (1988) obtained organogenesis and 
regeneration from hypocotyls of watermelon on MS medium 
supplemented with various concentrations of auxin and cytokinin. 
Dense green callus developed on medium with NAA and BA 
leading to the. regeneration of shoots or roots. When the shoots 
were cultured on medium with NAA (0.5 |im) roots developed. 
Similarly, Srivastava et al. (1989) obtained plant regeneration of 
watermelon [Citrullus vulgaris Schrad cv. Melitopolskii) by 
culturing hypocotyls on MS basal medium supplemented with 
auxin, cytokinin and auxin-cytokinin combinations. 
Singh et al. (1990) cultured the hypocotyl segments (apical 
or basal) of Cucuniis tnelo on MS medium with BA (1,3,5 or 10 
}im) and various concentrations of 2 iP and IBA. They concluded 
that in apical hypocotyl explants, the frequency of callus 
formation, nodule formation and shoot differentiation was greatest 
on medium supplemented with BA (1.0 pm). However, the basal 
hypocotyl explants produced only nodular callus devoid of shoot 
differentiation. 
Jia cf al. (1991) reported that vigorous and compact callus 
was initiated from hypocotyl segments of triploid watermelon on 
]3 
MS medium supplemented with 2, 4-D (0.2 mg/1) and BA (0.6 
mg/1). They obtained adventitious shoots from callus by 
transferrmg them on MS media with different concentration of 
BA, lAA & IB A. Whereas, Mukhamedkhanova et al. (1995) 
cultured the hypocotyls of Cucumis melo and reported 
regeneration via somatic embryogenesis in media with 2, 4-D and 
BA and via shoot formation in media with Kn, lAA and in some 
cases 2, 4-D also. 
Wang ct al. (1997) conducted an experiment to determine the 
optimal media for plantlet regeneration from hypocotyl explants 
for initiation of shoot and roots from hypocotyl calli. They 
reported that the greatest induction of calli from hypocotyl tissue 
was obtained on MS medium supplemented with lAA (0.1 mg/1), 
BA (1.0 mg/1) and luteinizing hormone (200 mg/1). Through these 
calli shoots were easily differentiated on MS medium augmented 
with lAA (0.5 mg/1) and BA (0.5 mg/1). 
2.3 Leaf culture 
Blackmon and Reynolds (1982) cultured leaf explants of 
muskmelon and watermelon and obtained shoots, while Malepszy 
(it al. (1983) were able to induce embryogenesis with fast growing 
callus in leaf explants of cucumber on MS basal medium 
supplemented with 2,4,5-T (1-2 mg/1), BAP (0.8 mg/1), 2,4-D (0.4 
rag/1) and 2 iP (0.8 mg/1) whereas, the MS medium containing 2,4-
D (0.02 mg/1), BAP (0.4 mg/1) and 2,4,5-T (0.06 mg/1) gave the 
highest percentage of plantlets from leaf explants. While, Gui et 
al. (1984) reported similar response m leaf explants of Momordica 
u 
grosvensii on MS medium supplemented with BA (1.0 ppm) and 
IBA (0.5 ppm). They also observed the vigorous root system from 
the cut ends of plantlets on MS medium supplemented with NAA 
(0.25-0.5 ppm). 
Kathal et al. (1988) reported regeneration from leaf explants 
of various sizes of ('. melo cv. Pusa sharbati on MS medium 
supplemented with BAP and 2 iP at equimolar concentration of 1 
)im. They concluded that regeneration potential of leaves declined 
with the increasing size of leaves and the age of donor seedlings. 
Josekutty et al. (1993) obtained direct and indirect 
organogenesis from leaf explants of Coccinia mdica on MS 
medium supplemented with BA (2.5 mg/1) + Kn (0.5 mg/1) + IBA 
(0.1 mg/1). They reported callusing from leaf explants on MS 
medium containing BA (1.5 mg/1) + Kn (0.5 mg/1) + NAA (0.5 
mg/1) whereas, rapid regeneration through organogenesis from 
callus cultures was achieved on medium containing BA (1.5 mg/ 
1) + Kn (0.5.mg/1) + IBA (0.1 mg/1). However, Burza et al. 
(1994) obtained plant regeneration from leaf explants of cucumber 
on MS medium supplemented with lAA (0.1 mg/1) + Isopentyl 
adenme (0.4 mg/l) + 2,4-D (0.4 mg/1) or lAA (0.1 mg/1) + BA (0.8 
mg/1) + 2,4-D (0.8 mg/1). 
Misra and Bhatniagar (1995) developed a protocol for direct 
shoot regeneration from cucumber leaves (lamina with petiole) of 
different sizes (5-15 mm) excised from 14-35 days old seedlings 
and they concluded that BA (3.5 \m) was ideal for shoot 
15 
differentiation from 14 days old leaf explants (5 mm). 
Burza and Malepszy (1995) described the factors for rapid 
and efficient plant regeneration from leaf explants of ('. sativus 
and ('. aii^uria. and recommended that selection of young leaves/ 
small explants alongwith NO^ : NH^ ratio in the medium and 
growth regulators combination are the important factors. 
Szymanska and Molas (1995) cultured the leaf explants of 
Cucumis sativus on MS medium augmented with lAA (0.5 mg/ 
dm )^ and BA (2.0 mg/dm-^ ) alongwith Aluminium as (AlCl.,) at 
1.0 mg/dm\ They concluded that Al mduced rhizogenesis and 
proved to be the root factor and stimulated a shoot morphogenesis. 
They also observed that effect of Al on plant growth was less on 
medium with pH 4.2 than pH 6.2. 
Plader e( al. (1998) determined the somaclonal variation in 
the Borszczagowski line of Cucumis sativus for five regeneration 
systems; Micropropagation (MP), direct leaf callus regeneration 
(DLR), leaf callus regeneration (LCR), recurrent leaf callus 
regeneration (RLCR) and direct protoplast regeneration (DPR). 
They observed that highest frequency of change arose through 
DPR (90% of lines) and RLCR (42.8%) and tetraploids were 
produced only m the case of LCR (4.7%) and RLCR (28%). 
2.4 Meristem/shoot tip culture 
Barnes et al. (1978) cultured the excised seedling shoot (1-
3 mm) with cotyledon attached of Citrullus lanatus on MS 
medium and reported that optimal bud break occurred on medium 
76 
containing Kn (1.0 ppm) and lAA (0.05 ppm). They subcultured 
the axillary shoots on medium with high concentration of lAA but 
without Kn and obtained root formation whereas, Fortunato and 
Mancini (1985) cultured the main and lateral apices of cucumbers 
{Cucumis sativus) on an agar medium containing 20-30 ppm 2iP 
and reported shoot bud and shoot production on this medium, 
while on IAA( 1.0 ppm), 2 iP (1.0 ppm) and GA^ (0.025 ppm) 
obtained both elongation in shoot as well as rooting. 
Lee ei al. (1985) obtained multiple shoot through the shoot 
tip culture of buffalo gourd {Cucurhjta foetidissima) on MS 
medium augmented with BA (1-5 mg/1) and NAA (0.1 mg/1). The 
regenerated shoots rooted well on medium containing IBA (1.0 
mg/1). 
Navratilova (1987) described in vitro micropropagation of 
cucumber {Cucumis sativus) by culturing the apical meristem on 
MS medium with IBA (0.01 mg/1), BAP (0.1 mg/1) and ascorbic 
acid (10 mg/1). They found proliferation in meristems and noted 
some differences in capacity for callus formation, growth rate, 
production of secondary buds and formation of floral buds on the 
regenerated plants. 
Juretic et al. (1989) obtained plantlets from shoot tip explants 
of Cucurhita pcpo on MS medium either without hormones or 
with lAA and BA. 
Custer and Verstappen (1989) conducted experiments to 
improve in vitro growth of cucumber by using small shoot tip 
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and axillary buds. They concluded that large cuttings developed 
into normal plants and small cuttings produced small plants. They 
also reported that close contact of the apex or axillary bud with 
the culture medium prevented their normal development into 
plants. 
Kathal et al. (1992) obtained direct regeneration of plants 
from shoot apices (0.5-1.0 mm) of Cucumis niclo L. cv. Pusa 
sharbati on MS medium augmented with BAP (] pm). They found 
that 83% shoot tips turned into green calli from which numerous 
shoot buds initiated on different auxin treatments, and they 
concluded that IB A at 10 pm was best for direct plant 
regeneration. 
Islam et al. (1992) obtained multiple shoots by culturing the 
shoot tip explants of Cucurhita maxima X Cucurbita moschata on 
MS medium agumented with BA (1.0 mg/1) and NAA (0.1 mg/1). 
Tisserat and Galleta (1993) developed a procedure to 
produce fruits from cultured shoot tips of cucumber cv. 
Marketomore-76 on MS medium in a 3.8 litre jar using an 
automated plant culture system and obtained roots leaves and 
flowers from shoot tips. 
Mythili and Thomas (1999) cultured the shoot tip explants of 
Tnchosanthcs dioica on MS medium containing lAA (1.0 pm) 
and IBA (0.2 pm) and obtained single shoot with root. 
2.5 Nodal explani culture 
Handley ct al. (1979) cultured the axillary buds of cucumber 
{Cucumis .sativu.s) on MS medium augmented with NAA 
]S 
(0.1 mg/l) and Kn (0.1 mg/1) alongwith thiamine, pyridoxin, 
nicotinic acid, myo-inositol and sucrose. They obtained shoot and 
roots with little callus formation on this medium. 
Lee et al. (1995) obtained plantlets from nodal segment of 
oriental melon and muskmelon (('. melo) on MS medium 
supplemented with BA (0.2-1.0 ppm) and when NAA was also 
added to the medium growth in shoot was inhibited, but callus 
formation was resulted. On subculturing the regenerated shoots on 
fresh medium, plantlets were obtained with the superior response 
of upper nodal part than lower. The isolated plants were rooted on 
MS + NAA (0.05 mg/1). 
Spetsidis et al. (1996) cultured the axillary buds of melon 
hybrid "Galia" on MS medium supplemented with BA. They 
obtained shoot production on BA (2.0 mg/1) and concluded that 
addition of lAA to the BA containing medium affected the 
numbers of shoots produced, the best results were obtained at 
IBA (2.0 mg/1) + lAJK (0.1 mg/1). 
Mythili and Thomas (1999) reported rapid multiplication of 
male line of pointed gourd {Trichosanlhes dwica Roxb.) by 
culturing the nodal segment on MS medium containing lAA (1.0 
^m) and IBA (0.2 pm). 
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MATERIALS AND METHODS 
3.1 Plant Material 
The present investigation deals with economically important 
vegetable crop plant belongs to family Cucurbitaceae. The 
certified seeds of Lagenaria leucantha (Duch) Standi var. long 
green were obtained from National Seed Laboratory Ltd. New 
Delhi. The explants namely nodal segments, leaves and shoot tips 
(0.5-1.5 cm) were obtained from 10-15 days old seedlings grown 
in pots. 
3.2 Composition and Preparation of Culture Medium 
The growth and morphogenesis of plant tissues m vitro are 
governed by the composition of the culture media. Among all 
media MS (Murashige & Skoog, 1962) is largely used because it 
contains all the desired salts, which are required for organogenesis 
and regeneration of plant. 
For the purpose of morphogenetic response in Lagenaria 
leucantha, Murashige and Skoog (1962) medium was used. The 
different inorganic and organic constituents of MS medium 
alongwith their concentration are listed in table-2. 
All the constituents are given in table-2 dissolved in double 
distilled water (DDW) and the volume of the solution is 
maintained as per requirements of the present investigation. 
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FeSO^ and Na^EDTA are dissolved separately and added to 
the medium lastly to avoid precipitation of the salts. Double 
distilled water was used for the preparation of stock solution of 
various auxins. (lAA, IBA, NAA & 2,4-D) and cytokinins (I^& 
BAP). 
MS medium was supplemented with hormones singly as well 
as in combination of different concentrations of hormones. 3% 
sucrose was used as carbon source for each treatment. 1% agar 
was used for solidification of the culture medium. 
pH of the medium was adjusted at 5.5 - 5.7 by adding few 
drops of IN HCl or IN NaOH before autoclaving the medium. 
The medium is then transferred in culture tubes. About 15-20 ml 
of the medium is poured in each culture tube and 10 replicates 
were taken for each treatment. All culture tubes were labelled 
and plugged with non absorbent cotton tightly. The medium was 
sterilized in autoclave at 15 lbs pressure at 121"C for 20 minutes. 
After autoclaving slants were made by placing the culture tubes in 
an inclined position. 
If.^ Sterilization of Inoculation Chamber 
Inoculution was done in the inoculation chamber which was 
sterilized by UV light for about 24 hours and switched off before 
entering inside. Before starting any work inside the inoculation 
chamber, the surface of table is wiped with 70% alcohol and hands 
were also rinsed with 70% alcohol. 
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3.4 Collection and Surface Sterilization of Explants 
The explants nodal segements, leaves and shoot tips were 
collected in a flask containing water. The material was washed 
thoroughly under tap water for 20 min. then the material is 
transferred to inoculation room. The material was treated with 5% 
teepol for 5 min. with continuous shaking of flask followed by 
repeated washing 3-4 times with sterilized DDW. Then the 
explants were surface sterilized with 0.1% HgCl^  for 2-5 minutes. 
Later, the sterilized explants were given 4-5 washings in sterile 
DDW. The explants were then placed in sterilized petridishes. 
3.5 Sterilization of Instruments 
The instruments to be used were wrapped in aluminium foil 
and sterilized by autoclaving. The instruments once used were 
surface sterilized by dipping in rectified spirit and flaming after 
each inoculation. 
3.6 Inoculation and Incubation 
All instruments to be used during excision and inoculation 
were dipped in alcohol and flammed on spirit lamp and used after 
cooling. Hands were also rinsed with 70% alcohol. This procedure 
was repeated every time after inoculation of the explant. The tubes 
were plugged quickly with non absorbent cotton plugs. 
All the culture vials were kept under controlled environmental 
conditions of 25+2"C temp. 16:8 hrs. of photocycle (light : dark) 
of 2500 Lux. and 55-60% relative humidity. The periodic 
observations were recorded. 
Table-2 : Composition of Murashige and Skoog medium (1962) 
Constituents Concentration (mg/1) 
MgSO,.7Hp 370 
KH,PO, 170 
KNO3 ^9^0 
NH^NO, 1650 
CaCl2.2 Ufi 440 
H3BO3 6.2 
MnS0^.4Hp 22.3 
ZnSo^.mfi 8.6 
Na2Mo04.2 up 0.25 
CiiS0,.5H,0 0.025 
4 2 
CoCl,.6 up 0.025 
KI 0.83 
FeS0,.7H,0 
4 2 
Na.EDTA. IHfl 
Sucrose (g) 
ThiamineHCl 
Nicotinic acid 
Pyridoxine HCl 
Myoinositol 
Glycine 
27.8 
37.3 
30.0 
0.5 
0.5 
0.5 
100 
2.0 
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OBSERVATIONS 
The nodal segment, leaf, and shoot tip explants of Lagenaria 
leucantha have been cultured on MS medium supplemented with 
different concentrations of growth homiones singly as well as in 
combinations. The result are described as follows : 
4.1 Nodal explant 
The nodal explants (0.5-1.5cm) were taken from 15-20 days 
old seedlings for callus induction and organogenesis. 
4.1.1 Callus induction 
The nodal explants cultured on MS medium supplemented with 
various growth hormones either singly or in combination namely 2.4-
D (2.0 mg/1), NAA+Kn (0.5 mg/1 each), NAA (2.0 mg/1) + BAP (0.1 
mg/1) and NAA (2.0 mg/1) + Kn (0.5 mg/1) showed initiation of callus 
6-8 days after inoculation. Variations in nature and colour of the 
callus have been observed (Table-3). 
The nodal segments cultured on MS basal medium (control) did 
not respond for callus induction but remained green for about 10 
days after inoculation. Later, the explants started yellowing. 
The explants cultured on MS basal medium supplemented with 
2,4-D (2.0 mg/1) showed callusing from cut ends 8 days after 
inoculation. Later, the whole surface of the explants transformed into 
greenish yellow callus mass within 25 days of inoculation. The callus 
was friable in nature. (Fig. 1 A). 
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The explants cultured on basal medium supplemented with 
NAA+Kn (0.5 mg/1 each) showed white callusing from the nodal 
region 6 days after inoculation. The growth of callus increased 
gradually on the surface of explants within 15 days of inoculation. It 
was observed that the callus turned light green in colour within 25 
days of inoculation. The callus was friable in nature (Fig. 1 B). The 
callus subcultured on the same medium proliferated but did not 
respond for differentiation. Later, the callus started browning after 3 
weeks of subculturing. 
The explants cultured on MS basal medium supplemented with 
NAA (2.0 mg/1) + Kn (0.5mg/l) exhibited slight green nodular 
callusing from the surface of explants 8 days after inoculation. 
Initially the callus grovvth was slow for about 15 days of inoculation. 
Later, the callus growth increased and the whole explants converted 
into compact green nodular callus mass within 5 weeks of inoculation 
(Fig. 1 C & D). 
The calli were subcultured for differentiation on MS basal 
medium supplemented with lAA (2.0 mg/1) + BAP (1.0 mg/1) and 
IBA (2.0 mg/1) + BAP (1.0 mg/1). The calli did not respond for 
differentiation even upto 3 weeks of subculturing and started 
browning after 4 and 5 weeks of subculturing respectively. 
The explants cultured on MS basal medium supplemented with 
NAA (2.0 mg/1) + BAP (0.1 mg/1) showed slight callusing from the 
cut end 7 days after inoculation. The callus growth was very poor. 
No significant growth was observed even upto 35 days of 
inoculation. The callus was smooth and yellowish in colour(Fig.l E). 
Table-3 : Response of growth hormones for callus induction in nodal explants 
MS+Hormones (mg/l) 
Contiol 
2,4-D (2.0) 
NAA (0.5)+Kn (0.5) 
NAA (2.0)+Kn (0.5) 
NAA(2.0)+BAP(0.1) 
Callus response 
days after inoculation 
— 
8 
6 
8 
7 
Colour and nature 
of callus 
— 
greenish yellow 
and friable 
Light green and 
friable 
Nodular green and 
compact 
Yellowish and 
smooth 
No response (-) 
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4.1.2 Organogenesis 
For organogenesis, the nodal explants cultured on MS basal medium 
augmented with ffiA (2.0rag/l)+Kn(l .0 mg/1), IBA (2.0 mg/l)+NAA (2.0 
mg/1), IBA (2.0 mg/l)+BAP (0.5 mg/1), Kn (2.0 mg/l)+2,4-D (0.5 mg/1), 
IAA(2.0mg/l)+BAP(0.5 mg/1) and Kn(0.1 mg/l)+IBA(0.1 mg/1) showed 
different types of organogenesis (Table - 4, Fig. 11). 
4.1.2.1 Indirect rhizogenesis 
The nodal explmits cultured on MS basal medium enriched with 
EBA (2.0 mg/l)+NAA (2.0 mg/1) showed slight callusing from the nodal 
region 8 days after inoculation. The initiation of rhizogenesis was observed 
from the callus after two weeks of inoculation. 3-4 roots emerged from 
different points of callus within 25 days of inoculation(Fig. 2 A) and 
increased m lengtli with the time. The roots were covered witli dense 
root hairs. 
Nodal explants cultured on MS basal medium augmented with IBA 
(2.0 mg/l)+BAP (0.5 mg/1) exliibited shght callusing from tlie surface 10 
days after inoculation. The initiation of rhizogenesis was observed from 
the callus facing the medium within 20 days of inoculation. The roots 
became thick and proftised within 4 weeks of inoculation (Fig. 2 B). 
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A.X.l.l. Direct rhizogenesis 
The nodal explants cultured on MS basal medium augmented with 
EBA (2.0 mg/l)+Kii (1.0 mg/1) showed initiation of root from the nodal 
region 10 days after inoculation. The root increased in length witli tlie 
time and covered with root hairs. Profijse rooting was observed from tlie 
tip of first fonned root within 25 days of inoculation (Fig. 2 C). 
4.1.2.3 Direct cauiogenesis followed by direct rhizogenesis 
The nodal explants cultured on MS basal medium supplemented witli 
Kn (2.0 mg/l)+2, 4-D (0.5 mg/1) exliibited smooth callusing from flie 
surface of explants 10 days after inoculation. The proliferation of axillary-
bud into shoot from nodal region was observed on 15tli day of moculation. 
The initiation of rhizogenesis was observed from the nodal region witliin 
25 days of inoculation (Fig. 3 A). The length of shoot and root 
increased with the time. 
The nodal explants cultured on MS basal medium augmented with 
lAA (2.0 mg/l)+BAP (0.5 mg/1) exliibited shght callusing from the cut 
end 8 days after inoculation. The initiation of shoot from the axillary bud 
was observed on 12th day of inoculation followed by root initiation after 
20th day of inoculation. Growth of shoot was faster than root (Fig. 3 B). 
The nodal explants cultured on MS basal medium enriched witli 
Kii+EBA (0.1 mg/1 each) showed direct cauiogenesis from axillary bud 
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10 days after inoculation. The root initiation was observed from the nodal 
region within 25 days of inoculation (Fig. 3 C). The length of shoot in-
creased with the time. Growth of roots was very slow. 
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4.2 Leaf explant 
For callus induction and organogenesis, the leaf explants 
(0.5-1.5cm) were taken from 15-20 days old seedlings. 
4.2.1 Callus induction 
The leaf explants cultured on MS basal medium supplemented 
with various growth hormones either singly or in combination 
namely 2, 4-D (2.0 rag/l), 2,4-D (0.5 mg/l)+Kn (2.0 mg/1), NAA 
(0.5 mg/1) + Kn (0.1 mg/1), NAA (2.0 mg/1) + BAP (0.5 mg/1) 
and IBA (2.0 mg/l)+BAP (0.5 mg/1) showed initiation of callus 7-
10 days after inoculation. Variations in nature and colour of the 
callus have been observed (Table-5). 
The leaf explants cultured on MS basal medium (control) 
exhibited slight expansion in lamina 7 days after inoculation but 
did not respond for initiation of callus even upto 20 days of 
inoculation. Later the explants started yellowing. 
The explants cultured on MS basal medium supplemented 
with 2,4-D (2.0 mg/l) showed expansion 5 days after inoculation. 
Initiation of slight callusing was observed from the surface 10 
days after inoculation. The callus growth was very poor and 
ceased after 20th day of inoculation. The callus was smooth and 
greenish yellow in colour (Fig 4 A). 
The explants cultured on 2, 4-D (0.5 mg/l)+Kn(2.0 mg/1) 
showed progressive swelling alongside the midrib and veinlets 5 
days after inoculation. The swelled portion transformed into a 
light yellowish callus after 8 days of inoculation. The callus 
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growth retarded after 28 days of inoculation (Fig. 4 B). 
The explants cultured on NAA (0.5 mg/l)+Kn(0.1 mg/l) 
exhibited callusing from petiolar cut end 8 days after inoculation. 
Growth of callus increased upto 3 weeks of inoculation. The 
callus was smooth and light yellowish in colour (Fig. 4 C). Later 
the callus was subcultured on the same medium, where only slight 
proliferation was observed after 7 days of subculturing but no sign 
of differentiation was observed even upto 3 weeks of subculturing. 
The callus started yellowing after 5 weeks of subculturing. 
The explants cultured on NAA (2.0 mg/l)+BAP(0.5 mg/l) 
showed callusing from petiolar cut end 8 days after inoculation. 
The callus was smooth and whitish yellow in colour (Fig. 4 D). 
The callus growth increased upto 3 weeks of inoculation. The 
callus subcultured on the same medium for differentiation 
exhibited slight proliferation after 2 weeks of subculturing. Later 
the callus growth ceased and started yellowing. 
The explants cultured on IDA (2.0 mg/l)+BAP(0.5 mg/l) 
exhibited initiation of callus from lower surface after 7 days of 
inoculation. The callus growth was fast and extended on both 
surfaces within 3 weeks of inoculation. The callus was friable and 
brownish yellow in colour(Fig.4 E). The callus was subcultured 
on the same medium after 3 weeks of inoculation, where only 
slight proliferation was observed upto 2 weeks of subculturing. 
Later the growth of callus retarted and starting yellowing in 
colour. 
Table-5 : Response of growth hormones for callus induction in leaf explants 
MS+Hormones (mg/l) 
Control 
2, 4-D (2.0) 
2, 4-D (0.5)+Kn (2.0) 
NAA(0.5)+Kn(0.1) 
NAA (2.0)+BAP(0.5) 
IBA (2.0)+BAP (0.5) 
Callus response 
days after inoculation 
10 
8 
8 
8 
7 
Colour and nature 
of callus 
Greenish yellow and 
smooth 
Light yellowish and 
smooth 
Light yellowish and 
smooth 
Whitish yellow and 
smooth 
Brownish yellow and 
friable 
No response (-) 
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4.2.2 Organogenesis 
For organogenesis, the leaf explants cultured on MS basal 
medium supplemented with various growth hormones in various 
combinations and concentrations namely lAA (2.0 mg/l)+Kn(0.5 
mg/1), NAA (1.0 mg/l)+BAP (0.5 mg/l),NAA (2.0 mg/l)+Kn(0.5 
mg/1), IBA (0.1 mg/l)+Kn (0.5 mg/1), IBA (2.0 mg/l)+Kn (0.5 mg/ 
1) and MS+(6% sucrose) exhibited different types of 
organogenesis (Table-6, Fig. 12). 
4.2.2.1 Indirect rhizogenesis 
The leaf explants cultured on MS basal medium augmented 
with lAA (2.0 mg/l)+Kn(0.5 mg/1) exhibited slight callusing from 
petiolar region after 7 days of inoculation. The initiation of 
rhizogenesis occurred from the callus within 15 days of 
inoculation. Several roots emerged from different points of callus 
within 3 weeks of inoculation. The roots were thick and covered 
with root hairs. The roots grew well but branching in roots was 
not observed (Fig. 5 A). 
The explants cultured on MS basal medium augmented with 
NAA (1.0 mg/l)+EiAP (0.5 mg/1) exhibited callusing from petiolar 
region 8 days after inoculation. The initiation of rhizogenesis 
occurred within 20 days of inoculation and 4-5 roots emerged 
from various points of callus within 4 weeks of inoculation. The 
roots were thick and covered with root hairs (Fig. 5 B). 
The explants cultured on MS basal medium augmented with 
IBA (2.0 mg/l)+Kn (0.5 mg/1) exhibited callusing from both 
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surfaces 8 days after inoculation. The initiation of rhizogenesis 
was observed from various places of callus within 15 days of 
inoculation. Later the whole callus mass was covered with 
profused roots within 5 weeks of inoculation and covered with 
dense root hairs (Fig. 5 C). 
4.2.2.2 Direct rhizogenesis 
The leaf explants with small petiole cultured on MS basal 
medium supplemented with NAA (2.0 mg/l)+Kn(0.5 mg/1) 
exhibited expansion in petiole alongwith lamina 8 days after 
inoculation. The initiation of rhizogenesis was observed from 
petiolar cut end 15 days after inoculation. The roots were covered 
with root hairs (Fig. 5 D). 
4.2.2.3 Indirect caulogenesis 
The leaf explants cultured on MS basal medium supplemented 
with 6% sucrose exhibited callusing from petiolar cut end 8 days 
after inoculation and green nodule like structures were observed 
15 days after inoculation. After 25 days of inoculation, the nodular 
green calli were subcultured on MS basal medium (containing 6°o 
sucrose) supplemented with BAP (4.0 mg/1), BAP (6.0 mg/1) 
and Kn (2.0 mg/1) + 2, 4-D (0.5 mg/1). 
The calli subcultured on MS basal medium (containing 6% 
sucrose) supplemented with BAP (4.0 mg/1) exhibited 10-12 shoot 
buds within 15 days after subculturing. The shoot buds did not 
differentiate into shoots even upto 5 weeks of subculturing (Fig. 
6 A). 
The calli subcultured on MS basal niedium(containing 6% 
sucrose) supplemented with BAP (6,0 mg/1) exhibited 15-16 shoot 
buds 10 days after siibcultiiring. Shoot buds grew well into leafy 
structures but could not differentiate into well developed shoots 
even upto 35 days of subcultiiring (Fig. 6 B). 
The calli subcultured on MS basal medium(containing 6% 
sucrose) supplemented with Kn (2.0 mg/l)+2, 4-D(0.5 mg/1) 
exhibited initiation of 10-12 shoot buds 12 days after subculturing. 
1-2 well developed shoots were obtained within three v/eeks of 
subculturing (Fig. 6 C). 
The shoot transferred to MS basal medium supplemented with 
lAA (2.0 mg/1) exhibited initiation of root after 15 days of transfer 
(Fig. 6 D). 
4.2.2.4 Direct caulogenesis followed by rhizogenesls 
The leaf explants cultured on MS basal medium augmented 
with IBA (0.1 mg/l)+Kn(0,5 mg/1) showed swelling on petiolar 
region 10 days after inoculation and 2-3 shoot buds were observed 
after 2 weeks of inoculation. The shoot buds developed into 1-2 
shoots after 4 weeks of inoculation. The initiation of roots was 
observed m regenerated shoot after 15 days of shoot elongation. 
However, the growth of root was very slow (Fig. 6 E). 
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4.3 Shoot tip explant 
For callus induction and organogenesis, the shoot tip explants 
alongwith leaf primordia (0.5-1.5 cm) were taken from 15-20 days 
old seedlings. 
The shoot tip explants cultured on MS basal medium supple-
mented with. various growth hormones either singly or in 
combination namely Kn (2.0 mg/1), NAA (2.0 mg/1), 2, 4-D (2.0 
mg/l)+BAP (0.5 mg/1), NAA (1.0 mg/l)+BAP (0.5 mg/1) and NAA 
(2.0 mg/l)+BAP (0.5 mg/1) exhibited initiation of callus and 
organogenesis (Table-7, Fig. 13). 
The shoot tip explants alongwith leaf primordia cultured on 
MS basal medium (control) exhibited slight swelling at the cut 
end 7 days after inoculation. The initiation of rhizogenesis was 
observed from the swollen region 20 days after inoculation. The 
leaf primordia grew well and showed expansion in leaf within 4 
weeks of inoculation. 
The explants cuhured on MS basal medium supplemented 
with Kn (2.0 mg/1) showed whitish callusing from the cut end 10 
days after inoculation. The callus growth was very poor and 
ceased 20 days after inoculation. The leaf primordia developed 
nito mature leaves within 25 days of inoculation (Fig. 7 A). 
The explants cultured on MS basal medium augmented with 
NAA (2.0 mg/1) showed callusing from the cut end 7 days after 
inoculation and slight expansion was observed in leaf primordia 
within 20 days of inoculation. The callus growth was very slow. 
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The callus was whitish yellow in colour and smooth in nature 
(Fig. 7 B). 
The explants cultured on MS basal medium supplemented 
with 2, 4-D (2.0 mg/l)+BAP (0.5 mg/1) showed callusmg from the 
cut end 7 days after inoculation. The leaf primordia developed 
into mature leaf within 15 days of inoculation. The initiation of 
rhizogenesis was observed from the callus within 3 weeks of 
inoculation. The roots were thick and covered with root hairs 
(Fig. 7 C). 
The explants cultured on MS basal medium augmented with 
NAA (1.0 mg/l)+BAP(0.5 mg/1) exhibited initiation of 3-4 shoot 
buds from the cut portion 15 days after inoculation. The shoot 
buds differentiated into 1-2 shoots followed by root initiation from 
the cut portion within 4 weeks of inoculation. The roots were thin 
and without root hairs (Fig. 8 A & B). 
The explants cultured on MS basal medium augmented with 
NAA (2.0 mg/1) + BAP (0.5 mg/1) exhibited swelling from the cut 
end 7 days after inoculation. Initiation of 6-7 shoot buds was 
observed on swollen region within 25 days of inoculation. The 
shoot buds differentiated into shoots 4 weeks after inoculation. 
The initiation of rhizogenesis was observed from the cut end 
within 5 weeks of inoculation. The roots were thick and covered 
with root hairs (Fig. 8 C). 
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4.4 Acclimatization 
The fully developed regenerated plantlets having prominent 
root system were transferred to plastic pots containing sterile 
mixture of soil and soilrite (1:3) (Fig. 9A). The pots were covered 
with plastic bags to maintain the humidity and kept in growth 
chamber for 10 days under controlled conditions of 25 ± 2"C. 
After 10 days, the plants were transferred to earthen pot 
containing pure sterile garden soil (Fig. 9 B) and kept in growth 
chamber at 16 : 8 hrs. light and dark period for 10 days. Later, 
the plants were transferred to field conditions where they grew to 
maturity. Flowering started after 35 days and after one week fruit 
formation was observed which developed into a normal fruit 
(Fig. 10 A & B). 
EXPLANATION OF FIGURES 
(Fig. lA-E) 
(A) Greenish yellow and friable callus obtained from nodal 
explant on MS + 2,4-D (2.0 mg/1) - 25 days old culture. 
(B) Light green and friable callus obtained from nodal explant 
on MS + NAA + Kn (0.5 mg/1 each) - 25 days old culture. 
(C) Slight callusing obtained from the surface of nodal explant 
on MS + NAA (2.0 mg/1) + Kn (0.5 mg/1) - 15 days old 
culture. 
(D) Green nodular and compact callus obtained from nodal 
explant on MS + NAA (2.0 mg/1) + Kn (0.5 mg/1) - 35 days 
old culture. 
(E) Yellowish and smooth callus obtained from nodal explant on 
MS + NAA (2.0 mg/1) + BAP (0.1 mg/1) - 35 days old 
culture. 
GYFr - Greenish >ello\\ and friable GN - Green nodular LgFr - Light green and friable 
Ys - Yello\Msh smooth GNc - Green nodular compact 
FIGURE-1 
EXPLANATION OF FIGURES 
(Fig. 2A - C) 
(A) Indirect rhizogenesis from nodal explant on MS + IB A (2.0 
mg/1) + NAA (2.0 mg/1) - 25 days old culture. 
(B) Indirect rhizogenesis from nodal explant on MS + IB A (2.0 
mg/1) + BAP (0.5 mg/1) - 28 days old culture. 
(C) Direct rhizogenesis from nodal explant on MS + IBA (2.0 
mg/1) + Kn (1.0 mg/1) - 25 days old culture. 
r- root, c - callus 
FfGURE-2 
EXPLANATION OF FIGURES 
(Fig. 3A - C) 
(A) Direct shoot and root differentiation from nodal explant on 
MS + Kn (2.0 mg/1) + 2,4-D (0.5 mg/1) - 35 days old 
culture. 
(B) Direct shoot and root differentiation from nodal explant on 
lAA (2.0 mg/1) + BAP (0.5 mg/1) - 35 days old culture. 
(C) Direct shoot and root differentiation from nodal explant on 
Kn + IB A (0.1 mg/1 each) - 28 days old culture. Callus 
developed from the cut and end of the explant is also seen. 
r - root, S - Shoot 
FlGURE-3 
EXPLANATION OF FIGURES 
(Fig. 4A - E) 
(A) Greenish yellow and smooth callus obtained from leaf 
explant on MS + 2,4-D (2.0 mg/1) - 20 days old culture. 
(B) Light yellowish and smooth callus obtained from leaf 
explant on MS + Kn (2.0 mg/1) + 2,4-D (0.5 mg/1) - 28 days 
old culture. 
(C) Light yellowish and smooth callus obtained from petiolar 
cut end on MS + NAA (0.5 mg/1) + Kn (0.1 mg/1) - 21 days 
old culture. 
(D) Whitish yellow and smooth callus obtained from leaf explant 
on MS + NAA (2.0 mg/1) + BAP (0.5 mg/1) - 21 days old 
culture. 
(E) Brownish yellow and friable callus obtained from leaf 
explant on MS + IBA (2.0 mg/1) + BAP (0.5 mg/1) - 21 days 
old culture. 
Gys - Greenish yellow and smooth. WYs - Whitish yellow and smooth BYFr- Brownish 
yellow and friable LYs - Light yellowish and smooth 
FlGURE-4 
EXPLANATION 0¥ 1 ICaiRES 
(Fig. 5A - D) 
(A) Indirect rhizogenesis from leaf explant on MS + lAA (2.0 
mg/1) -r Kn (0.5 mg/1) - 28 days old culture. 
(B) Indirect rhizogenesis from leaf explant on MS + NAA (1.0 
mg/1) -t- BAP (0.5 mg/'l) - 35 days old culture. 
(C) Indirect rhizogenesis from petiolar cut end on MS + IBA 
(2 0 mg/1) + Kn (0.5 mg/1) - 35 days old culture. 
(D) Direct rhizogenesis from petiolar cut end on MS + NAA 
(2 0 mg/1) + Kn (0.5 mg/I) - 25 days old culture. 
c - callus. root 
FIGURE-5 
EXPLANATION OF FIGURES 
(Fig. 6A - E) 
Subculturing of callus obtained from petiole on MS + 6% sucrose. 
(A) Multiple shoot buds differentiation from callus subcultured 
on MS + 6% sucrose + BAP (4.0 mg/1) - 30 days old 
subculture. 
(B) Multiple shoot buds differentiation from callus subcultured 
on MS + 6% sucrose + BAP (6.0 mg/1) - 35 days old 
subculture. 
(C) Multiple shoot buds and shoot differentiation from callus 
subcultured on MS + 6% sucrose + Kn (2.0 mg/1) + 2,4-D 
(0.5 mg/1) - 28 days old subculture. 
(D) Root induction in regenerated shoot on MS + lAA (2.0 mg/ 
1) - 25 days old culture. 
(E) Direct shoot and root differentiation from leaf explant on 
MS + IBA (0.1 mg/1) + Kn (0.5 mg/1) - 45 days old culture. 
Sb - shoot bud S - shoot r - root 
FIGURE-6 
EXPLANATION OF FIGURES 
(Fig. 7A - C) 
(A) Whitish callus obtained from cut end of shoot tip explant on 
MS + Kn (2.0 mg/1) - 25 days old culture. 
(B) Whitish yellow and smooth callus obtained from shoot tip 
explant on MS + NAA (2.0 mg/1) - 28 days old culture. 
(C) Indirect rhizogenesis obtained from shoot tip explant on MS 
+ 2,4-D (2.0 mg/1) + BAP (0.5 mg/1) - 28 days old culture. 
Wc - Whitish callus WYs - Whitish yellow callus, r - root , 
c - callus 
FIGURE-7 
EXPLANATION OF FITURES 
(Fig. 8A - C) 
(A) Direct shoot bud, shoot and root differentiation from cut 
end of shoot tip on MS + NAA (1.0 mg/1) + BAP (0.5 mg/ 
1) - 28 days old culture. 
(B) Direct shoot bud, shoot and root differentiation from cut 
end of shoot tip explants on MS + NAA (1.0 mg/l) + BAP 
(0.5 mg/1) - 35 days old culture. 
(C) Direct shoot bud, shoot and root differentiation from shoot 
tip explant on MS + NAA (2.0 mg/1) + BAP (0.5 mg/1) - 40 
days old culture. 
S - shoot Sb - shoot bud r - root 
FlGURE-8 
EXPLANATION OF FIGURES 
(Fig. 9A - B) 
(A) Regenerated plantlets established in plastic pot containing 
sterile mixture of soil and soilrite (1:3). 
(B) Plantlets transferred to earthen pot containing garden soil. 
FIGURE-o 
EXPLANATION OF FIGURES 
(Fig. lOA - B) 
(A) In vitro raised plants showing flowering and fruiting. 
(B) In vitro raised plant showing normal fruit. 
FlGURE-10 
EXPLANATION OF FIGURES 
(Fig. 11) 
Histogram showing response of growth hormones for 
organogenesis in nodal explants. 
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EXPLANATION OF FIGURES 
(Fig. 12) 
Histogram showing response of growth hormones for 
organogenesis in leaf explants. 
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EXPLANATION OF FIGURES 
(Fig. 13) 
Histogram showing response of growth hormones for 
organogenesis in shoot tip explants. 
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Chapter 5 
DISCUSSION 
The successful use of tissue culture technology depends on 
the efficient and reproducible regenerations. Reports on cucurbits 
indicate low rate of regeneration and plant survival and abnormal 
morphogenetic responses (Haider and Gadgil 1982, Bouabdallah 
and Branchard 1986 and Punja et alA990 a,b). In contrast in 
Lagenaria leucantha, a successful regeneration procedure and 
recovery of morphologically normal plants have been achieved. 
Among three explants viz. leaves, nodal segments and shoot 
tips used, the leaf explants proved best for direct and indirect 
multiple shoot regeneration, while shoot tip explants proved better 
only for direct shoot regeneration . Response of explant concern 
has been demonstrated by several workers ( Jelaska 1986, 
Malepszy 1988, Kathal et al. 1988, Moreno & Roig 1990, 
Debeaujon and Branchard 1993 and Misra and Bhatnagar 1995). 
Relatively fewer reports are there on leaf culture studies which 
generally show direct shoot regeneration (Suetmatsue et al. 1986: 
Kathal et al. 1988, Punja et at. 1990 a, Josekutty et al. 1993 and 
Misra and Bhatnagar, 1995) and is inconsonance with the results 
obtained in the present studies. 
The results obtained in the present investigation show that 
regeneration of shoots from callus occur only from leaf derived 
callus, while through other explants were prolific as reported 
earlier m Cucumis sativus (Orczyk and Malepszy 1985 and Punja 
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et al. 1990a), Cucumis melo (Kathal et al. 1988) and Cucumis 
metulifcrus, (Raharjo and Punja 1993). 
For the induction of callusing the leaf explant was proved 
best source as compared to nodal and shoot tip explants as 
reported earlier in Cucumis sativus (Malepszy and Nodolska-
Orczyk 1983), Momodica charantm (Siddiqui et al. 1997), 
Solanum melongena (Siddiqui et al. 1998) and Solatium nigrum 
(Shahzad et al. 1999). 
The leaf explants mostly produced yellowish coloured friable 
callus with faster growth on IB A (2.0 mg/1) + BAP (0.5 mg/l) 
followed by NAA (2.0 mg/1) + BAP (0.5 mg/1), while through 
nodal segment compact or nodular green calli were produced on 
NAA (2.0 mg/1) + Kn (0.5 mg/1). Similarly several studies 
revealed that the balanced auxin and cytokinin supplementation 
for efficient callus induction is essential (Yeoman and Macleod 
1977and Sharma et al. 1997). Narayanaswamy (1977) reported 
that a combination of auxin and cytokinin enhanced callus 
formation and also different explant responded differently for 
callus induction and nature of callus as it was earlier confirmed in 
Luffa cylindrica and Cucumis sativus (Singh 1995). Raharjo and 
Punja (1993) also reported that higher concentrations of auxin 
with cytokinin induced friability in callus produced through 
petiole, while Shahzad et al. (1999) in Solanum nigrum advocated 
for the production of compact green calli from petiolar region on 
single NAA augmented medium. 
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Direct root induction from nodal segments in Lagenaria 
leucantha was best studied in medium augmented with IBA (2.0 
mg/1) + Kn (1.0 mg/1) and in leaf explant NAA (2.0 mg/l) + Kn 
(0.5 mg/1) showed best reponse, while the shoot tip rooted even 
on MS basal medium. The diverse reponse of explants for 
rhizogenesis indicate that the distribution of hormones which are 
responsible for morphogenesis triggered either after further 
addition of hormones or none. The leaf and nodal segments 
required exogenous auxin/cytokinin supplementation, but the shoot 
tip which might be having higher concentrations of auxins, as the 
site of synthesis required no exogenous supplement of hormones 
(Moore 1989). However, indirect rhizogenesis showed similar 
hormonal requirements of IBA/Kn or IBA/BAP in both the leaf 
and nodal segements. Indirect rhizogenesis through leaf culture of 
Momordica charantia (Siddiqui et al. 1997) has also been 
reported on higher concentration of auxin to lower concentration 
of cytokinin ratio. The potentiality of NAA or IBA along with 
BAP or Kn for rhizogenesis has also been demonstrated either 
directly or indirectly in Capsicum annuum (Gupta et al. 1990), 
Chrysanthemum morifolium (Bhattacharya et al. 1990), Scshania 
aculeata (Bansal and Pandey 1993), V. radiata (Umadevi and Bai 
1995), Withania somnifera (Baburaj and Gunasekaran 1995) and 
H. annuus (Shahzad and Siddiqui 2000). 
The balanced requirements of exogenous hormonal 
combination depend on the endogenous level of hormones in the 
explant for successful regeneration. Several studies have 
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established and confirmed the hypothesis of Skoog and Miller 
(1957) of balanced requirements of auxin-cytokinin ratio for the 
determination of morphogenesis in the cultures (Vasil and Vasil 
1981, Herrera et al. 1990, Punja et al. 1990b, Bhattacharya et al 
1990, Philip et al. 1992, Aminuddin et al. 1993, Ali et al. 1997 
and Shahzad et al. 1999). 
In the present investigations direct root and shoot 
regeneration has been successfully achieved through shoot tip on 
NAA (1-2 mg/1) + BAP (0.5 mg/1) followed by leaf explant on 
IB A (0.1 mg/1) + Kn (0.5 mg/1) and nodal explant on Kn + 2,4-
D/IBA and lAA + BAP augmented media. Nodal explant showed 
poor response for organogenesis, while in Plumbago rosea (Hari 
Krishanan and Hariharan 1996), maximum shoots and roots 
regeneration was achieved through nodal segment. Similar finding 
was also documented in Mentha arvensis ( Shahzad et al. 2000). 
Herrera et al. (1990) documented best percentage of shoot 
multiplication and rooting in Digitalis thapsi through shoot tip 
with the combination of NAA and BAP or Kn, which is in 
conformity with the results obtained in Lagenaria leucantha 
through shoot tip culture. 
Direct shoot regeneration through leaf explant of Coccinia 
mdica (Josekutty et al. 1993) on MS + BA (2.5 mg/1) + Kn (0.5 
mg/1) + IB A (P.l mg/1) conforms the findings in the present study 
regarding shoot regeneration through leaf explant on IBA (0.1 mg/ 
1) + Kn (0.5 mg/1). 
-/5 
The differentiation of shoot from callus in various cucurbits 
is rather poor (Schroeder 1968, Jelaska 1972, 1974, Rangaswami 
1982 and Rajasekaran et al. 1983) but in the present study 
significantly better response for indirect shoot regeneration from 
leaf explant has been achieved by manipulating the sucrose 
concentration in the medium. In the present investigation it has 
been proved that 6% surcrose concentration in MS medium 
alongwith BAP singly or Kn + 2,4-D is most beneficial. Similarly 
Venkatesham and Reddy (1996) also advocated strongly for the 
induction of indirect shoot regeneration in Niger on LS medium 
augmented with 6% sucrose + IB A (2.0 mg/1) + Kn (0.5 mg/1). 
Effect of BAP singly or Kn + 2,4-D for indirect shoot 
regeneration has been successfully reported in Petunia mflata and 
Petunia hybrida (Rao et al. 1973), Cucumis sativus (Malepszy 
and Nadolska-Orczyk 1983), Spinach (Jameel et al. 1991), 
Cephaelis implecacuanha (Rout et al. 1992), Bacopa monnien 
(Ali et al. 1996), Vigna mungo (Hinger and Pareek 1999) and 
Solanum nigrum (Shahzad et al. 1999). 
The regenerated shoots were rooted on lAA (2.0 mg/1) 
containing medium. This confirms that for rooting lAA is required 
as has been reported earlier in diverse plant species (Pink and 
Walkey 1984, Bajaj and Mohapatra 1987, Kathal et al. 1988, 
Gulati and Jaiwal 1990, Laksliman and Dhanalakshmi 1990 and 
Jyoti et al. 1994). 
Thus it may be concluded that nodal segment is the best 
explant for the production of green nodular calli on NAA + Kn, 
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while the leaf explant proved to be the best for the production of 
fast growing friable calli on IBA + BAP and indirect rhizogenesis 
on IBA + Kn augmented media. Indirect caulogenesis is best 
studied through petiole on medium containing BAP or Kn + 2, 4-
D with 6% sucrose, while for direct caulogenesis and rhizogenesis 
shoot tip explant is better on NAA + BAP augmented media. 
SUMMARY AND 
CONCLUSIONS 
Chapter 6 
SUMMARY AND CONCLUSIONS 
In the present investigation leaf, shoot tip and nodal explants have 
been cultured to investigate the morphogenic potentiaHties to induce callus 
and direct or indirect organogenesis in response to various growth 
hormones singly or m various combinations. The resuhs are summarised 
as under. 
6.1 Callogenesis 
The nodal segments cultured on MS medium supplemented with 
2,4-D (2.0 mg/1) exhibited greenish yellow and friable callus. Light green 
and friable callus was obtained when the medium was supplemented with 
NAA + Kn (0.5 mg/1 each). The same explants when cultured on NAA 
(2.0 mg/1) + BAP (0.1 mg/1) produced a yellowish and smooth callus, 
while the explants cultured on MS medium supplemented with NAA (2.0 
mg/1) + Kn (0.5 mg/1) produced compact green calli. 
The leaf explants cultured on MS medium supplemented with IBA 
(2.0 mg/1) + BAP (0.5 mg/1) exhibited brownish and friable callus. 
Yellowish and smooth callus was obtained tlirougli leaf explants cultured 
on MS medium supplemented with NAA (0.5 mg/1) + Kn (0.1 mg/1) and 
NAA (2.0 mg/1) + BAP (0.5 mg/1), while medium containing only 2,4-D 
responded poorly for callus induction. 
4S 
The shoot tip explants exhibited very poor response for callusing. 
Slight callusing was obtained on MS medium augmented with NAA (2.0 
mg/1) followed by Kn (2.0 mg/1). The calli were whitish and smooth in 
nature. 
6.2 Rhizogenesis 
hidirect profuse rhizogenesis was obtained tlirough nodal segments 
cultured on IBA (2.0 mg/1) + BAP (0.5 mg/1) followed by IBA + NAA 
(2.0 mg/1 each), while direct rhizogenesis was obtanied on medium 
containing IBA (2.0 mg/1) + Kn (0.1 mg/l). Similarly leaf explants also 
revealed indirect profuse rhizogenesis on MS medium supplemented with 
lAA (2.0 mg/1) + Kn (0.5 mg/1) and IBA (2.0 mg/1) + .Kn (0.5 mg/1). 
Moderate rhizogenesis was obtained on NAA (1.0 mg/1) + BAP (0.5 mg/ 
1), whereas direct rhizogenesis was obtained through leaf petiole on the 
medium containing NAA (2.0 mg/1) + Kn (0.5 mg/1). 
The shoot tip explants revealed indirect rhizogenesis on the medium 
containing 2, 4-D (2.0 mg/1) + BAP (0.5 mg/1), while direct rhizogenesis 
was noted on NAA (1.0 mg/1) + BAP (0 5 mg/1) and NAA (2.0 mg/1) + 
BAP (0.5 mg/1) supplemented media. 
6.3 Indirect caulogenesis 
Multiple shoot bud regeneration was obtained from nodular green 
calli obtained from petiole on the MS medium supplemented with 6% 
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sucrose. The calli thus obtained were subcultured on the same medium 
supplemented with BAP (4.0 & 6.0 mg/1) and Kn (2.0 mg/1) + 2, 4-D (0.5 
mg/1) for growth and differentiation. Maximum shoot buds were obtained 
on the medium fortified with BAP (6.0 mg/1), while differentiation of 
shoot buds into shoots was obtained on medium containing Kn (2.0 mg/1) 
+ 2, 4-D (0.5 mg/l). Indirect caulogenesis could not be obtained tlirough 
nodal and shoot tip explants. 
6.4 Direct caulogenesis followed by rhizogenesis 
The nodal segments revealed both caulogenesis and rhizogenesis on 
MS medium supplemented with Kn (2.0 mg/1) + 2, 4-D (0.5 mg/1), Kn 
(0.1 mg/l) + IBA (0.1 mg/1) and lAA (2.0 mg/1) + BAP (0.5 mg/I). 
One to two shoots with roots were regenerated from the leaf explants 
when cultured on MS medium supplemented with IBA (0.1 mg/l) + Kn 
(0.5 mg/l). 
The shoot tip explants cultured on MS medium supplemented with 
NAA (1.0 mg/l) + BAP (0.5 mg/l) exhibited multiple shoots and roots. 
6.5 Conclusions 
The present investigation has revealed the following conclusions : 
]. Among tliree explants used (nodal, leaf and shoot tip), fast Rowing 
calli were obtained through leaf explant on IBA (2.0 mg/l) + BAP 
(0.5 mg/l). 
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2. Nodal explants produced green compact calli on the medium 
supplemented with NAA (2.0 mg/1) + Kn (0.5 mg/1). 
3. Shoot tip explants did not show any significant response for callus 
induction. 
4. hidirect rhizogenesis was obtained from leaf, nodal segment and shoot 
tip explants when cultured on MS medium supplemented with IBA 
(2.0 mg/1) + Kn (0.5 mg/1), IBA (2.0 mg/1) + BAP (0.5 mg/1) and 2, 
4-D (2.0 mg/1) + BAP (0.5 mg/1) respectively. 
5. Multiple shoot buds were induced on MS medium with 6% sucrose 
+ BAP (6.0 mg/1) tlirough green nodular calli obtained from petiole. 
6. Nodular calli obtained from petiole when subcultured on MS 
medium with 6% sucrose supplemented with Kn (2.0 mg/1) + 
2,4-D (0.5 mg/1) exliibited 10-12 shoot buds which grew to well 
developed shoots. 
7. Direct caulogenesis as well as rhizogenesis has been established 
through leaf, nodal segments and shoot tip explants when cultured 
on MS medium supplemented with Kn (0.5 mg/1) + IBA (0.1 mg/1), 
lAA (2.0 mg/1) + BAP (0.5 mg/1) and NAA (1.0 mg/1) + BAP 
(0.5 mg/1) respectively. 
After successful rooting in regenerated microshoots, the plantlets 
were acclimatized in pots and later transferred in the field where flowering 
and fruiting occurred. 
57 
FUTURE PLAN OF WORK 
Attempts will be made to carry out future work on some cucurbits 
with following main objectives: 
1. To establish a precise protocol for in vitro micropropagation of 
Momordica charantia, Coccima mdica and Lagenana leucantha 
through cotyledon, hypocotyl, leaf, shoot tip and nodal segments. 
2. To induce the callus through various explants on MS medium 
supplemented with auxins and cytokinins singly or in combination. 
3. To select out best suited media for direct and indirect regeneration 
by manipulating the hormonal level. 
4. To study the growth of callus in tenns of fresh and dry matter in 
response to different concentrations of auxins and cytokinins. 
5. To establish healthy callus capable of continuous subcuhure for 
detailed studies on regeneration through somatic embryogenesis and 
organogenesis (caulogenesis and rhizogenesis). 
6. To acclimatize the m vitro regenerated plants in the field condition. 
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